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OTHER REPORT NO(Sl (Any other n.umber, thet may be nssltned Theory and compkter simulation experiments ;haVle shown the potentiai importance' of the fluid-likc, modified two stream instability as an ion heating mechanism in low "`P plasmas. in orde.r to take advantage of the strong ion heating which it can produce, -we consider Inducing the instability with large amplitude waves in order to convert the .energy in the *wave fields into ion thermal energy. Since the instAibility is I driven by 1 relative electron-ion drifts acrbss a, magnetic field BP, and has a frequency ,comparable to the lower hybrid frequency (qH, a natural choice for the driver wave is a magnetosonic wave which propagates across B near the AlfvAn speed. As a specific example, we demonstrate that for the iparameters of the Princeton ST-Tokamak it is theorttically possible to achieve thermonuclear temperatures by ahomalously absorbing these waves via thn modified two stream instability. ( ion thermal energy. Since the instability is driven by relative electronion drifts across a magnetic field Bop and has a frequency comparable to the lower hybrid frequency wLH' a natural choice for the driver. -ave is a magnetosonic wave which propagates across B near the Alfv~n speed. As a specific --o example, we demonstrate that for the parameters of the Princeton ST-Tokamak it is theoretically possible to achieve thermonuclear temperatures by anomalously absorbing these waves via the modified two stream instability.
PROBLEM STATUS
This is an interim report on a continuing problem. In this paper ie will be concerned with ion heating for fusion applications.
Of the possible instabilities, the two most likely to provide the most efficient ion heating are the two-ion species instability [17, 19) in the case of a plasma with two ion components (e.g. a deuterium-tritium plasma) and the modified two stream instability. These instabilities operate on the same time scale and in some situations can be expected to coexist with one another. We note however, that for driving wave frequencies appreciably larger than the ion gyro-frequency, the modified two stream instability is possible at lower amplitudes of the driver wave than is the ion-ion instability. Here we direct our attention to heating by the modified two stream instability. This will be the more widely applicable ion heating mechanisK, since it is an electron-ion instability and does not require two ion species. Further, in the case of two ion species it will be a major factor in the system's development.
We note that if the driver wave has a frequency very close to the lower hybrid frequency then the modified two stream instability and the ion-ion instability become parametric type instabilities with properties which are different from the quasi-steady case in which w is appreciably less than wLM. In this paper we will be interested in the quasi-steady case.
In Section II we briefly review the main points of the theory of the modified two stream instability and the conditions under which it is present.
In Sec. III new computer simulation results using an electromagnetic particle simulation code are presented which confirm the theory with respect to the conditions necessary for a strong instability capable of large ion heating.
In Section IV we discuss a means of inducing the instability to take advantage of the desirable property of strong ion heating. Specifically, we consider launching large amplitude, magnetosonic waves with frequency less than the electron-ion lower hybrid frequency. The electrons will respond to the wave fields by moving with their E x B drift velocity in such a situation while the more massive ions will respond differently.
This will produce an oscillating relative drift between the electrons and ions across -the magnetic fiald and under appropriate conditions, which we
give, the modified two stream instability can develop and lead to anomalous .[1 + (1+ e)' w1 e /k3c 2 ), and Pe = 8V N T e/B is the electron beta. Equation (2) has the form of a two stream instability dispersion relation and reduces to Eq. (1) in the limit c a .
Hiowever, the extra wavenumber dependences introduced by the electromagnetic terms cause stabilization of the modes in certain regions of parameter space.
The condition for a strong instability capable of producing large ion heating is [151
where .
87T N Ti/B 2 is the ion beta.
The first condition U/v. > 1 is necessaIry to overcome ion Landau dimping while the other condition is required to overcome the stabilizing electromagnetic effects. Equation (3) is an extremely important condition in bon"-siderations of plasma heating by inducing the modified two streaih instability with large amplitude waves since, as we shall see, it puts constraints on the amplitude, frequency and wavelength of -the driving waves. As can be seen fr6m
Eq. (3), this instability has a large range of operation, and therefore can be a strong heating mechanism only for low 0 plasmas.
The results of our electrostatic computer simulations [13, In this section we discuss a mechanism for inducing the modified two stream instability to take advantage of the large ion heating it can produce for fusion purposes.
Specifically, we consider propagating large amplitude waves in the plasma perpendicular to the magnetic field to drive cross field currents. A natural choice for the driver wave is a large amplitude, magnetosonic wave with phase and group velocity comparable to the Alfven speed VA and frequency w satisfying m' < wLH << 0e' These waves are governed by the following dispersion relation
!8 2 << 4) 2 the waves where k° is the wavenumber of the wave. We see that for wo te are approximately dispersionless and t ' k V We will be interested here 0 o A in frequencies w 2 << wLU 2 so that the currents driving the modified two stream 0 f e e instability are reasonably steady on the instability growth tie. Thus we expect the theory and simulations we have given here and in Refs. 13-15, where we have assumed d.c. drifts, to be applicable. The alternating magnetic field of the large amplitude, magnetosonic wave will create cross magi.atic field currents. The electrons will respond to the wave fields by moving with their E x B velocity, while the more massive ions will respond differently. This will produce an oscillating relative drift across B0 and urnder appropriate conditions, to be given, the modified two stream instability can develop and absorb energy from the driving waves. We mention here that Babykin, et al.
[213 have performed turbulent heating experiments on plasmas in a magnetic mirror machine.
Surrounding the contained plasma are radio frequency tank coils which set up an alternating wave magnetic field B,• which is superimposed on the mirror field.
We suggest that either a coil arrangement similar to that in Ref. 21 or some other method (e.g. microwave horns) can be used for launching large amplitude magnetosonic ,;aves radially into low 0 magnetically confined plasmas (e.g. Tokamak and magnetic mirror plasmas) and that these waves should be able to cause large ion heating via the modified two stream instability. The waves must be launched so that Eq. (3) 
where B. is the magnetic field of the radially propagating wave.
Substituting
Eqs. (5) and (6) 
and ko r 0 > Tr, (9) where r 0 is the plasma radius. If Eq. (8) is not satisfied, then the magnetosonic wave can be expected to perturb the confinement properties of the main magnetic field. Equation (9) simply requires that r be large enough to allow the wave to fit in the device. Combining Eq. (9) with Eq. (5) 
Equations (7), (8) and (i0) put raquirements on B,, and w which must be satisfied in order that the modified two stream instability be a feasible method of ion heating.
As an illustration, we apply Eqs. (7), (8) and (10) Using these parameters, we wish to see if the modified two stream instability can heat the ions to fusion temperatures, Ti 10 KeV.
We therefore use Ti = 10 KeV (i.e. 0i = 0.003) in Eq. (7). The lower limit on Eq. (7) implies that v . < U. Since our theory and computer simulatiors [13,14J show that the instability saturates when vi • U, this means that if Eq. (7) is satisfied with T. set equal to 10 KeV, then this temperature should be attained.
Equation (10) gives wo/wLH > 0.1 which is a fairly weak condition. Equation (7) yields x4 x l0"s < (BJ/Bo) 2 I 4 x 10-2 () for wL 2 = 10 w02. Equation (11) can be easily satisfied consistent with Eq. (8). Thus there is a wide range of choices for the wave strength Br which can satisfy Eqs. (7), (8), and (10). We, therefore, conclude that requirements We hope that the discussion presented here will stimulate intere~st in'RF heating experiments, appropriate to the topic of this paper,' on low 0, magnetically confined plasmas.
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